Background: Airborne radioactive particulate in many important nuclear facilities (particularly nuclear power plants) will have a strong impact on the relative public dose if they are released into the corresponding environment traversing the stack or vents. The radiation protection researchers have regarded the relative environment assessing and estimation of public doses. And the model of assessing impact of discharges radioactive substance to the environment have been recommended by many international organizations (e.g. IAEA) with the nuclear energy safety and radiation protection.
Introduction
There are a number of methods (models) for the dose assessing of populations once the airborne radioactive substance are discharged to the environment through the stacks and (or) ducts. This paper will mainly present the models that have been recommended by International Atomic Energy Agency (IAEA) [1, 2] . The assessing results obtained by these models will be given for some discharging limits required in corresponding standards. This paper only referred to atmospheric discharge, and will be presented in the other papers for the assessing of surface water discharge.
The many steps must be considered for the evaluations of the dose harms for populations. These approaches (chain models) may be illustrated as Figure 1 . The basic
Atmospheric dispersion and deposition
Airborne radioactive particulates discharged from the stacks and vents will have air contaminations in environment due to atmospheric dispersion features. And ground deposition would be possible due to the setting characterization of aerosol particles in air.
1) Pollution concentration in air
Basing on the discharging height (H) of the stack or duct and the height (HB) and the projected cross-sectional area (AB) of the adjacent building, the ground level air concentration at downwind distance (x) may be calculated.
(1) when H ≥2.5HB
(1) (2) Where, CA,i refers to the ground level air concentration for a certain radionuclide (i) at the calculation point or the receive point of public (Bq·m -3 ). x refers to the distance between the receive point and discharging point (m). PP refers to is the fraction of the time during the year that the wind blows towards the receptor of interest in sector p (dimensionless), usually PP = 0.25. ua refers to the geometric mean of the wind speed at the height of release representative of one year (m·s -1 ).
F refers to the Gaussian diffusion factor (m -2 ) appropriate for the height of release H and the downwind distance (x) being considered. Qi refers to the annual average discharging rate for a certain radionuclide (Bq·s -1 ). H refers to the discharging height (m). σZ refers to the vertical diffusion parameter (m), its calculation method is following: 
Where, B refers to the diffusion factor with building wake correction for neutral atmospheric stratification (m -2 ). AB refers to the surface area of the appropriate wall of the building of concern (m 2 ).
1)
Type 2) x ≤ 2.5 (a) If the calculation points (receipt points) and the release points are on same building surface, the air concentrations is given by following Equations:
(x> 3Dy)
Where, CA,i refers to the ground level air concentration (Bq·m   -3 ) at downwind distance x. Qi refers to the average discharge rate for radionuclide (i) (Bq·s ). PP refers to the fraction of the time of the wind blows towards the receptor of interest (dimensionless). B0 refers to the unit-less constant to accounts for potential increases in JRPR the concentration in air along a vertical wall owing to the presence of zones of air stagnation created by building wakes, usually B0 = 30. 2) For x ≤ 3Dy, from Equation 6, the air concentration (CA,i) in ground level is really the exit concentration of the stack (or vent). That is, the radionuclide concentration at the point of interest (often referred to as the receptor location) is equal to the atmospheric radionuclide concentration at the release point of release.
(b) If the calculation points (receipt points) and the release points are not on same building surface, the empirical formulation about the air concentration would be
Where, K is a constant of value 1 m. In this situation of the wake zone and x ≤ 2.5(AB) 1/2 , the air concentration (CA,i) is not related to the distance (x) of receipt point.
Ground deposition
The airborne radioactive substance may be deposited on the ground surfaces due to wet and dry deposition effects.
1) Deposition rate
The deposited radioactivity per unit time and area is called as the deposition rate, and be calculated by following Equation:
Where, dGi refers to the total daily average deposition rate on the ground of a given radionuclide (Bq·m   -2 ·d -1 ), at calculation point (x). Vd refers to the dry deposition coefficient for a given radionuclide (m·d -1 ). VW refers to the wet (rainout etc.) deposition coefficient for a given radionuclide (m·d -1 ). Vt refers to the total deposition coefficient, that is, Vt = Vd+VW, usually Vt = 1000 m·d -1 . For the usual ground deposition, it is not considered that the radionuclides on the ground may be re-suspended into the air by the action of wind and other disturbances, particularly for continuous discharging.
2) Deposition density
Deposition density is obtained from the ground deposition rate dGi according to the Equation 9
(10) Where, Cgr,i refers to the deposition density of radionuclide (i) (Bq·m -2 ). dGi refers to the total ground deposition rate (Bq·m
). λis refers to the effective rate constant for reduction of the activity in the top 10 to 20 cm of soil (d -1 ), where λis = λi+λs. λi refers to the rate constant for radioactive decay of radionuclide (i) (d -1 ). λs refers to the rate constant for reduction of soil activity owing to the physics processes other than radioactive decay (d 
Transport of radionuclide
The air concentration and ground deposition of airborne radioactive matters will lead to the external and internal doses of populations. On the other hand, the radioactive nuclides in air and on ground may be retained in the vegetations due to transport of radionuclide. The vegetations (and food) retained radionuclide are eaten by people and animals, and the public doses may be from the foods of vegetations and animals.
1) Concentrations in vegetations
The vegetations are divided into two groups: the vegetation consumed by grazing animals and the vegetation consumed by humans. They are called as 'forage' group and 'crops' group respectively. . FV refers to the concentration factor for uptake of the radionuclide from soil by edible parts of crops (Bq·kg
It is conservatively assumed that all activity removed from the atmosphere becomes available for uptake from the soil. In addition, the implicitly of the selected values must be taken account of the adhesion of soil to the vegetation. Again, for pasture forage the unit of mass is for dry matter; for vegetation consumed by humans the unit of mass is for fresh weight. The selection methods of Fv values have been given by IAEA [1, 2] . tb refers to the duration of the discharge of radioactive material (d), usually tb = 30(a) = 1.1 × 10 4 d. ρ refers to a standardized surface density for the effective root zone in soil (kg·m -2 , dry soil). For generic calculations, the default values of effective surface soil densities ρ (kg·m -2 ) are given as Table 1 . λis refers to the effective rate constant for reduction of the activity concentration in the root zone of soils (d ). λs refers to the rate constant for reduction of the concentration of material deposited in the root zone of soils owing to processes other than radioactive decay (d -1 ). In practice, the value λs is highly dependent on climate, agricultural management practices, soil type, vegetative cover and the chemical form of the radionuclide. For the purpose of generic assessment, the values λs are given as Table 2 . 
Concentrations in animal feed
The feed consumed by animals is from to fresh forage feeds and stored feeds. The concentration in feed consumed by animals is calculated by 
Concentrations in animal productions
The animal productions (milk and meat) may be containing the radioactive nuclide due to the feed retained radionuclide is consumed by the animals. Therefore, to estimate irradiation dose from ingestion of animal productions, the radionuclide concentrations in the animal productions must be estimated.
1) Concentration in milk
The concentration of radionuclide in milk is estimated as ). tf refers to the average time between slaughter and human consumption of meat, usually tf = 20 d (for fresh meat).
Dose estimation method
The populations exposed in the environment with radioactive source will receipt the external and internal irradiation exposure doses. The external exposure doses are mainly as result of the radioactivity from the air contamination and ground deposition of airborne radionuclide. The internal exposure doses are due to inhale radionuclide in air and due to ingest radioactivity in the productions of the vegetation and animal.
1) Calculation for external irradiation dose
The external irradiation dose is from the immersion external irradiation and the ground deposition external irradiation.
(1) Immersion external irradiation ① γ radionuclide For evaluation of the effective dose from external exposure, γ radiation from airborne radionuclides is the main exposure pathway. Based on semi-infinite cloud model, the annual effective dose from immersion in the atmospheric discharge plume is given by ); The selection methods of DFmi values have been recommended by IAEA [1, 2] . Of refers to the fraction of the year for which the hypothetical critical group member is exposed to this particular pathway, usually Of = 1.
The gross dose from all possible γ nuclide will be (18)
② β radionuclide Some β radiation radionuclides can lead to exposure to the skin. From the annual average concentration of a given radionuclide in air, the equivalent dose to skin can be calculated by [1, 2] . Of refers to the fraction of the year exposed to this particular pathway, usually Of = 1.
The gross dose from all possible β nuclide will be (20)
The annual effective dose due to external exposure Egr,i from ground sediment is given by [1, 2] . Of refers to the fraction of the year exposed to this particular pathway, usually Of = 1.
The gross dose from all possible nuclide of ground deposition will be:
2) Calculation for internal irradiation dose
The internal dose following an intake of radioactive material into the body by inhalation or ingestion is important contents. The basic assessment approach is as following. The gross ingestion dose from all possible nuclide in foodstuff will be (26)
3) Total irradiation dose
The total annual effective doses at calculated point (x) from the airborne radionuclides are consisted of the gross external irradiation doses (Em,γ, Em,β, and Eg,γ) and gross internal irradiation doses (Einh and Eing), that is:
The collective dose here may be considered as the product of the number of individuals exposed to a source and their average radiation dose in a designed region (rather than extending over large regions, or even globally). ). k refers to the number of local component in a localization. n refers to the number of localization.
Applications of assessment model
The models presented above if these methods have been understood may estimate the dose harms for the public wing to the discharging of the airborne radioactive substance. The dose evaluation for a critical people group is performed by an iterative approach based on the recommendations of IAEA.
1) Screening method
The simplest and most pessimistic evaluation approach is 'no-dilution' screening technique. The 'no-dilution model' is to assume that the radionuclide concentration at the point of interest (often referred to as the receptor location) is equal to the atmospheric radionuclide concentration at the point of release. The annual effective dose including external and internal doses may be calculated when the discharging concentration at the release point is 1.0 Bq·m ). The exposure conditions of the critical group for the calculation of DFser, that is the annual effective dose including external dose from irradiations and internal doses from inhalation and ingestion, are as following (see Equations 6 and 9),
The above CA and dG are respectively the air concentration and the ground deposition rate when the discharging concentration is 1.0 Bq·m -3 at the point of release (or per unit concentration). The values of DFser for some radionuclides are reported by IAEA. It is obvious that the public dose obtained by such 'no-dilution' method may be overestimation, even very much overestimation. The dose evaluation must be iterated by the other approaches if the annual dose exceeds the relevant dose criterion, e.g. 0.25 mSv·a -1 , based on such 'no-dilution model'.
2) Generic environmental model
The generic environmental model is also called as 'dilution' model. The 'dilution' model assumed that the public dose is resulted to a greater distance from the discharging source. Based on this model, the annual effective dose including external and internal doses may be calculated when the discharging rate at the release point is 1.0 Bq·s Table 3 .
The values of PFgen (Sva ) that were given by IAEA for some radionuclides are listed by IAEA [1, 2] . In general, the annual effective dose that is calculated based on the 'generic . For details, see Annex I of reference [1] .
JRPR dose calculation factor' (PFgen) from the generic environmental model may still be overestimated for public doses. The dose evaluation methods that are in accord with the realistic discharging characteristic of nuclear facilities would be need if the annual dose based on the generic environmental model ('dilution model') exceeds the relevant dose criterion.
3) Realistic model
For realistic model, the exposure conditions of how the estimation of dose would be performed are not recommended (could not be recommended) in IAEA reports. The determination of the exposure conditions is dependent to the realistic discharging characteristic of the nuclear facilities tried to performed environmental evaluation. These characteristic parameters are including (for example):
(1) The distance between the critical group and the discharging source. ) for some radionuclides (Table 4) .
Results and Discussion
Based on the applications of the assessment models, the writers calculated the possible annual doses for the discharging limits required in some the discharge standards related to airborne radioactive nuclides. The Table 1 listed the corre- (1) The mean of 1,2,3,4 grouping of first column refer to the type of nuclear facilities, e.g. nuclear power plants; (2) "Qi " of second column are from to the average discharge rate regulated by these nuclear facilities; 
